Recently, there has been a trend towards adding a multidisciplinary or multicultural element to traditional monodisciplinary project courses in computing and engineering. In this article, we examine the implications of multidisciplinarity for students' learning experiences during a one-semester project course for real customers. We use a qualitative research approach and base our analysis on students' learning reports on three instances of a project course titled Multidisciplinary working life project. The main contribution of this article is the unified theoretical picture of the learning mechanisms stemming from multidisciplinarity. Our main conclusions are that (1) students generally have a positive view of multidisciplinarity; (2) multidisciplinary teams enable students to better identify their own expertise, which leads to increased occupational identity; and (3) learning experiences are not fixed, as team spirit and student attitude play an important role in how students react to challenging situations arising from introduction of the multidisciplinarity.
Introduction
Computing and engineering education has a long history of using projects as a teaching method. In fact, even the first curriculum in software engineering included a "true-to-life" programming project, and since then project courses have constituted a fixed part of software engineering education (Tomayko 1998) . In the present day, project-based learning is implemented in these disciplines through a range of course models and arrangements (Fincher, Petre, and Clark 2001; Clear et al. 2001) . One of the recent trends is adding a multicultural or international element to the traditional project courses (e.g. Pears and Daniels 2010) . Another trend is that courses are organized in collaboration between two or three departments or faculties, thus bringing a multidisciplinary element to the project work (e.g. Burnell, Priest, and Durrett 2003) . Both of these trends correspond with the fact that in today's working life one often has to work in multicultural (Last et al. 2000) or multidisciplinary environments (Kruck and Teer 2009) .
This article reports on a multidisciplinary working life course offered at the University of Jyväskylä, Finland. Our research interest is in the implications that the multidisciplinary character of the course has for students' course work. This research interest emerged through commencing an inductive grounded theory analysis (Glaser and Strauss 1967; Glaser 1978) on the learning reports that students are required to prepare at the end of their projects. We find this theory development-oriented research approach welcome, as the project education field is often studied in the form of course descriptions (Helle, Tynjälä, and Olkinuora 2006) . Another unique feature of the present research is that the course under study is targeted at students in all faculties of the University, whereas the multidisciplinary project courses discussed in the literature are often centered on a couple of core disciplines (e.g. Mosiman and Hiemcke 2000; Hirsch et al. 2001; Burnell, Priest, and Durrett 2003; Kruck and Teer 2009) . This aforementioned approach used in our project course enables a broader scope of project topics and student team compositions. We base our study on qualitative data collected during three instances of the course where a total of 88 students have worked in 20 different projects with a total of 28 customers.
While our research focuses on the learning experiences caused by the multidisciplinary aspect in general, we believe that our research findings are beneficial and interesting to computer science and engineering education researchers in particular. This is because computer science is a discipline that nowadays penetrates all the sectors of business and everyday life. This presence of the computing discipline can also be seen in the project topics of the multidisciplinary course under study. Thus, students in computing disciplines can benefit greatly from the experience gained from working in multidisciplinary teams.
Related work

Project-based learning
The pedagogical approach utilized in this multidisciplinary project is project-based learning. Helle, Tynjälä, and Vesterinen (2006) consider two aspects to be crucial to projectbased learning: projects involve a student-defined solution to a problem, and projects commonly produce some kind of end result, such as a report or design plan. They also emphasize problem orientation as the most distinctive feature of project-based learning. While all project-based learning is essentially problem-based (De Graaff and Kolmos 2003) , project-based learning is more authentic, and the deliverables are more concrete and implemented into use (Helle, Tynjälä, and Vesterinen 2006) .
Multidisciplinarity in project courses
Computer science and engineering project courses are often monodisciplinary capstone projects, as is evident from a cursory glance at the different literature reviews and other published research analyzing engineering design (Dutson et al. 1997 ) and computer science projects (Fincher, Petre, and Clark 2001) , for example. However, there is also an increasing number of multidisciplinary and interdisciplinary projects. As Morse et al. (2007) point out, interdisciplinary or multidisciplinary are terms that are often used when more than one discipline is involved in teaching or research, but these terms are usually not well-defined. For the sake of simplicity, we will not go into detailed analysis of the usage of these terms, but rather consider them to mean situations in which different disciplines interact. A similar approach is used by Borrego and Newswander (2008) , who use the general term cross-disciplinary to refer to both interdisciplinary and multidisciplinary collaboration.
Experts-in-team (Jaccheri and Sindre 2007; Sortland 2004 ) is a large-scale framework for organizing university-level project courses. Up to 1,500 students are divided into "villages" of 30 students, with each village being assigned its own theme for projects. Students are then divided into 6 teams of 5 students, with the aim that each student in the team comes from a different discipline. The theme assigned to each village combines two disciplines, such as Art and IT. Daniels and Asplund (2000) describe a course where students from computer science, electrical engineering, and mechanical engineering work together to build a team of robots for robot soccer world championships. All 90 students work within the same project, and with a clearly defined contribution from each discipline. Ivins (1997) reports on a project course where courses from two different schools are combined to create a multidisciplinary project course with students from the engineering and design disciplines. Kruck and Teer (2009) describe a project course where experienced adult students from business administration and degree students from accounting are brought together for a multidisciplinary course. A combination of existing courses is used in a project course reported by Burnell, Priest, and Durrett (2003) , where three different disciplines and universities work together to make the best possible use of the limited resources available and offer product development exercises in multidisciplinary project teams. Brownell and Jameson (2004) describe a project course where all the students in the project teams are drawn from the same master's program but with different backgrounds, and work on interdisciplinary problems. In a course titled IT in Society (Daniels and Cajander 2010) , the students are all from computer science, but the project topics are real-world cases, and multidisciplinarity appears in the areas of application of IT, such as the hospital environment. While most of the above courses are capstone courses aimed at final-year master's students, Hirsch et al. (2001) describe a freshman course where students from both engineering and communication are brought together.
On the basis of our non-systematic review, multidisciplinary or interdisciplinary projects appear to divide into two categories:
• Students from different disciplines work together on a project (cf. Experts-in-team), • Students from one discipline work within a project that is focused on real-life problems and areas outside their pure discipline (cf. IT in society).
In the present study, multidisciplinarity is present through both of these categories: students work as members of multidisciplinary teams and on real-life open-ended project topics. The specific feature of this course is that we have had students from each of the seven Faculties, and within those from 18 out of 19 departments. This is illustrated in Appendix A, which shows the team compositions by department of the three course instances under study. All teams have had students from at least three different departments when they have started their project work (team number 19 is the exception here due to student drop-outs during the course). The multidisciplinary nature of project topics is illustrated in the following section through project examples.
Benefits of multidisciplinarity
Several examples of the benefits for students working in multidisciplinary teams compared to monodisciplinary teams can be found in the literature. Quantitative analysis conducted by Hotaling et al. (2012) supports their hypothesis that students on a multidisciplinary capstone course have both better job placement and better evaluation of project results compared to students who work in monodisciplinary teams. Students also prefer working in multidisciplinary teams: they consider the project worthwhile, despite unequal distribution of the workload (Mosiman and Hiemcke 2000) . Students consider multidisciplinary projects to be more challenging but also more rewarding than monodisciplinary projects, and the importance of the teaming phase can be seen in student feedback (Burnell, Priest, and Durrett 2003) . Students see working with people from varying backgrounds as a positive aspect (Kruck and Teer 2009) . Ivins (1997) reports that despite students' early reactions of fear and anxiety originating from difficulty of the project brief and working with students from different schools, their post-course reflection was mostly on positive outcomes: increased self-confidence and improved problemsolving and decision-making skills. Working in multidisciplinary teams also transformed students' negative and dismissive stereotypes into more positive and realistic views of other disciplines' students. In addition, multidisciplinarity and communication were seen as important parts of the learning process. Students often feel that they learn different things in multidisciplinary project courses compared to normal lecture courses and give positive feedback about these learning experiences (Jaccheri and Sindre 2007) , while such positiveness also constantly emerges when students compare monodisciplinary projects with lectures (e.g. Isomöttönen 2011).
Course description
In this section, we describe the history and motivation behind the project course. We also describe the main features of the course and the preparations needed to organize one instance of the course.
Background and history
The present multidisciplinary working life project was created within a development project funded by the European Social Fund (ESF) and administered by the Agora Center research unit of the University of Jyväskylä. The main goal of the development project was to improve collaboration and knowledge transfer between local small and medium-sized enterprises (SMEs) and the university, an area which was seen as in need of improvement. The resources of SMEs participating in the development project were often rather limited and the scale of their problems were suitable for student course exercises and as thesis topics, and thus it was natural that collaboration focused on utilizing these student resources.
Based on the experiences of the collaboration between SMEs and students gained in the development project, a multidisciplinary project course with real-life customers was piloted during the summer term of 2011. As the course was run without content-oriented input from the faculties no single discipline was the focus and thus a multidisciplinary approach to the course was natural. This meant that the project topics were by and large not limited in any way and hence collaboration became possible with a wide range of customers in different business sectors. Accordingly, the focus of the learning was on general working life skills rather than on enhancing the students' substance skills.
Learning goals and grading
The course sets four learning goals to students. After completing the course, students should:
• Be able to recognize their own expertise and strengths in both project and team work;
• Be able to apply the theoretical knowledge of their discipline and other competencies in a real-world case; • Be able to work as a responsible member of a project team and work with the customer; • Know the basic concepts of project work, which include the ability to set goals for a project, write a project plan, realize the project in a multidisciplinary team, and present the results to the peer group.
All students are individually graded as pass/fail. Pears et al. (2001) have demonstrated that using pass/fail when assessing students is sufficient and does not affect student motivation in a negative way compared to more detailed grading systems. In order to pass the course, students need to actively participate in the project, which means that they have to work at least 120 hours on the project and keep track of their working hours. The documents required by the course are project plan, mid-term report, project report, and personal learning report. At the end of the projects, teams present their results to the customer and to the course coordinators. In the project reports, student teams summarize and analyze project deliverables and how they managed the project, and provide feedback on the course. These requirements can be easily graded as pass/fail, while the working hours tracking enables monitoring of student participation throughout the project. Students have to monitor themselves how the workload is distributed within the team, and thus it is also the teams' internal responsibility to prevent free-riding. Customers give feedback on the projects, which affects how the course is developed and supports student learning, while it does not directly affect whether an individual student will pass the course. Instead of "measuring" whether the students achieve the predetermined learning goals, the focus is in enhancing their learning during the course with a dialogic process in which the course coordinators give feedback on the students' deliverables.
So far all the students who have finished their project work have passed the course. Altogether, 103 students were accepted to the course. Of these, 6 canceled their participation, 5 dropped out during the introductory lectures, and 4 students dropped out during different phases of the project work. Thus 88 of 92 students who started the project also passed the course, which equals to 96%. While a great majority of the students pass the course, they do not consider it to be an easy course. Instead, they have commented the course having extremely heavy workload. Similarly, Brown (2000) reports that students enjoy project work and often spent more hours than required to complete the projects.
From the research point of view, we are not interested in how well students reach the learning goals, nor are we trying to evaluate the course. Instead, we are interested in the conceptual mechanisms that explain the students' learning experiences, as derived from their personal learning reports.
Preparations
Thus far, during the three instances the course has been organized, there have been two course coordinators. Before the course starts, their responsibility is to plan the course schedule, screen prospective customers, and deal with students' applications for admission to the course.
All prospective customers are met face to face to discuss their needs and potential project topics. Customers are informed about the nature of the projects in these discussions. That is, they act strictly as customers, not partners, and participate in project work only by advising and giving feedback and information needed by the students. Eligible customers sign a preliminary agreement to participate. Final project topics are not decided at this stage, but tentative project topics and guidelines are agreed upon. Once the student application deadline has passed, all applications are evaluated and summarized, and student profiles are created on the basis of their free-form applications. Prospective customers and student applicants are then matched to form student teams. This matching has three equally important aspects that need to be satisfied:
• Each student should be in a team where he or she can be a useful member of the group.
• Each team should be multidisciplinary, with members from at least three different disciplines.
• Each team should have a combination of skills that can enable them to realize the project.
The final selection of customers and students for the course depends on this matching process. There are no fixed criteria for the selection of students or customers, and due to resources there is a limited number of seats for students, which means that some of the prospective customers and students are inevitably left out. As this project course is optional and not a required course in any degree, this does not cause any delays or problems for students regarding their graduation. Interested students are advised to reapply for the next course instance.
During the course
At the beginning of the project, students receive introductory lectures on project work, working with customers, communication, and multidisciplinary teamwork. These lectures are scheduled for the first two or three days of the course, and no other mandatory lectures follow. During the lectures, students meet other team members for the first time, and their teaming phase starts.
Promotion of an authentic working life experience, which is the course target, is mainly implemented by using real customers and open-ended project topics. While the course coordinators have negotiated with customers about the project topics, it is the responsibility of each team to finalize and agree upon the project topic with the customer and write a corresponding project plan. At no point do the course coordinators participate in the meetings between the team and the customer or get involved in fixing the project topic.
There are only four mandatory checkpoints for all teams. First, the course coordinators check and comment on the first version of their project plans with the teams around three weeks after the course has started. A meeting with the project managers takes place around the mid-point of the project, along with a similar meeting for all the students on the course. Teams have to write a project mid-term report after these two meetings. Otherwise, the student teams work independently.
The above-mentioned features that aim to promote an authentic working life experience accords with the "thrown in the deep end" approach: students have to work with previously unknown people for a customer on a project topic that may be outside their core skills, and they have to learn to work independently and take responsibility of their work without constant supervision. This approach of light tutelage and independent work was in fact even more extreme the first time the course was run, but was then moderated somewhat following student feedback: introductory lectures were added and the possibility of tutelage on request was emphasized.
Once the projects are finished, the teams prepare a final presentation for their customer and the course coordinators. In discussions following this presentation, feedback is collected from both customers and students. Customers are also given a feedback form to fill in later on. So far, the project customers have shown a high level of satisfaction with the course arrangements, student teams, and project deliverables.
There is also a final seminar where the teams present their project to the other teams, and the course coordinators sum up the course. Student feedback is collected along with each teams' project report and the individual student learning reports. In their personal learning reports, students are asked to reflect on the project, team work, customer, their own learning experience, and what they consider to be the positive and negative sides of the whole project. After the course is finished, each student receives an individual project certificate that can be used, for example, as a reference when applying for a job. Table 2 summarizes a single course instance described above. One course instance lasts around 15 weeks. A project contract that is signed by the university, customer, and students stipulates that students do not need to spend more than 180 hours on the project. An important part of learning is planning the project so that the goals can be achieved. Students take advantage of computer labs and meeting rooms, while they also work off-campus. In the project plan, they are expected to plan the practice of their collaboration including the timetable.
In the classification of computer science project courses by Fincher, Petre, and Clark (2001) , this course best corresponds to the "Project with a client" type of course. However, this definition excludes the multidisciplinary aspect of our course. A brief description that would include all the main aspects of our course could be "Multidisciplinary one-semester course with real customers and open-ended problems." While there are no extensive lectures on the topics that projects involve and students are expected to utilize their existing skills, we do not consider our course to be a "capstone" course. Our course might also be classified as an "Open-ended Group Project" (Daniels and Cajander 2010) .
Examples of project topics and deliverables
Examples of the projects realized by multidisciplinary teams during the first three course instances are given below:
• Example 1: Customer was a micro-sized company in tourism and travel business who wanted to increase the number of visitors during their off-season. The student team produced a report on the current state of company's web-based marketing and coverage. They redesigned the company's website, created new content for the website, and created new self-directed activities for tourists.
• Example 2: Customer was a small-sized IT company that was launching a new product and wanted help in their marketing efforts. The students designed a logo, slogan, and visual look, as well as a brochure and website for the product. They also created a prototype version of the product and conducted a customer survey and competitor analysis.
• Example 3: Customer was a micro-sized company that was creating a new web-based service. They wanted to strengthen the brand of the company and receive help on the development of the service. The students designed and created a promotional video of the service, conducted a competitor analysis, and devised a questionnaire for the current and potential users of the service.
These examples illustrate the wide range of projects realized in the course. We have observed that IT is the element often included regardless of the main business domain of the customer. However, the projects of the course are not intended to be system-development projects or requested as such. Student teams are involved in defining the project goals together with their customers, meaning that the students from several disciplines are sharing ideas and innovating solutions together with customers for given open-ended problems. Here, different disciplines such as business and marketing, computer science, and arts and humanities meet. Depending on the project topic, some students in the teams provide technical perspective, while others bring understanding of the customer's business domain or add a human-centered perspective, for example. After the period covered by our research data the spectrum of customers has broadened to cover areas such as culture, sports, learning disabilities, entrepreneurship, and environment.
Method
Our research interest was in general to develop an understanding of multidisciplinary student project work. The results of the study bring to the foreground conceptual mechanisms, generally related to multidisciplinarity, which emerged from and explain the students' experiential data. The research method of the study is the grounded theory method originally formulated by Glaser and Strauss (1967) . This method was selected due to our interest in the phenomenon of multidisciplinary project work instead of validating the course through hypothesis testing or verifying existing theory. Our main reference to the grounded theory method is the classic form of it (Glaser and Strauss 1967; Glaser 1978 Glaser , 1992 Glaser , 2004 , which by its definition was deemed suitable for our research interest.
The use of grounded theory method is increasing (van Niekerk and Roode 2009) and has been encouraged (Kinnunen and Simon 2010) within engineering fields. The article by Case and Light (2011) suggests that the use of grounded theory and other "emerging methodologies" can expand the research in engineering education. The classic grounded theory method has been used in ICT-related dissertations by van Niekerk (2009) and Isomöttönen (2011) . The study by Gregory and Jones (2009) provides an example of the classic grounded theory study in higher education.
At the beginning of our results, we provide a general description about how multidisciplinarity showed up in our data (cf. content analysis), while the main focus of the paper is in the grounded theory analysis provided thereafter.
Grounded theory
The general idea of the grounded theory is that the process which generates the theory should not be separated from the theory itself. It considers theory a process emphasizing the "generation" of the theory instead of fixed conceptualizations. Accordingly, the grounded theory method is characterized by the tenets such as "ever-developing" and "theory as a process" (Glaser and Strauss 1967, 32) . The value of it is in the relevance of theory generated from the data (cf. deductive theories).
The analysis procedure in grounded theory is called the constant comparative method consisting of four stages (Glaser and Strauss 1967) :
• Comparing incidents applicable to each category.
• Integrating categories and their properties.
• Delimiting the theory.
• Writing the theory.
These stages are overlapping and done simultaneously as opposed to a linear order. This enables the continuous development of the theory emerging from the data, and the inclusion of new data as the research advances. Grounded theory is iterative by nature, and once a relevant core category or framework begins to emerge, the analyst focuses on the theory development around this core.
In grounded theory "all is data," and instead of worries about data accuracy, the emphasis is placed on the researcher's ability to conceptualize from the data. Theory development is bounded by the current data, and the resultant theories are open to modification. The grounded theory presented in this paper should thus not be seen as a fixed conceptualization. Section 4.3 shows through examples how the constant comparative method was utilized in this research. A more detailed description of the grounded theory analysis and constant comparative method is provided by Glaser and Strauss (1967, 101-115) .
Data
The data analyzed in this study are the learning reports produced by students at the end of their projects. After the course was held for the third time in summer 2012, all the students who had passed the course were sent a research permit request by email by a course coordinator who is also an author of this research. Altogether, 66 students out of 88 gave permission for their learning reports to be used for the research purposes. We did not receive responses denying the use of answers for research. Regarding those who did not respond, we believe that the email retrospectively requesting the research permit was out of students' interests. It is worth noting that almost 1.5 years had passed from the first course instance, and some students had already graduated.
As we requested the research permission retrospectively, the research did not affect the data used. The data thus realistically reflect students' experiences collected as a natural part of the course close-up activities. It is also worth noting that no direct questions were set for the students to answer in the reports, and that the questions accompanying the assignment were intended to structure their analysis and process of self-reflection. Moreover, we consider data applicable to research in the sense that students seem to express their frustration and problems in the data. It should be noted here that the course is graded only with pass/fail, meaning that students do not have to restrict their criticism of the course in the fear that this would affect their grade. These aspects are in line with the idea that the role of a grounded theorist is essentially a passive one (Glaser 2002) .
The report assignment is given during the start-up lectures so that the students are able to prepare for them early on. More detailed instructions on the assignment are given during the final seminar, where the students are shown some previously collected student feedback. The aim is to encourage students to reflect on their experiences instead of writing a list of the tasks they did during the project. Thus a diary type of report is not encouraged, but explicitly forbidden. Students are advised to write the reports so that they too can benefit from them. There is no length requirement, and the report has no effect on the students' grading. These instructions mean that the content and length of the reports vary widely, from half a page up to six pages, and from a few notes about project work to long analyses and self-reflection about everything that happened during the project.
Analysis procedure
We began by open-coding (Glaser 1978, 56 ) the data with ATLAS.ti software. The first author did the initial open coding by first reading through all the learning reports to obtain a general view of the data, and then by coding all the key points that emerged as interesting. In the data, multidisciplinarity emerged as one of the most meaningful aspects for the students. Following this stage, the second author reviewed the codings related to multidisciplinarity in a shared session, and some re-codings were made. Initial emergent theoretical ideas were written down from the very beginning.
Through sorting out the resultant codes, the analysis continued with attempts to integrate the results into conceptual hypotheses and a coherent theoretical view (see Glaser 1978) . Finally, the research process became selective, focusing on the theme of multidisciplinarity, and evolved into an iterative process where after several integrative stages, re-perusal of the data, and writing sessions, the final theoretical framework emerged. Glaser (1978, 72-82) has proposed several coding families that can facilitate the integration of theory. In our case, we find the resultant theory to resemble a 'typology' (Glaser 1978, 65-68) within which several 'causalities' (Glaser 1978, 74) can be identified. We refer to these causalities as mechanisms.
In grounded theory, "categories and properties are concepts indicated by the data": a category is a conceptual element of the theory, and a property is a conceptual aspect or element of a category (Glaser and Strauss 1967, 36) . A key feature of a grounded theory is the emergent core category, which ties the theory together and is meaningful for those involved. The core category of the present grounded theory is seen as a kind of contingency, signifying what happens when students encounter multidisciplinary project work. Thus there is no single mechanism in play when the students, with their various motives and attitudes, arrive to start the course; instead, their learning experiences can vary, resulting in both positive and negative experiences, and possible transformations from negative to positive experiences. Within this framework, there are opportunities for valuable learning experiences, in particular through the identification of the peculiarities of one's own discipline and expertise-as will be explained in the Results section.
The key element of the grounded theory analysis is how conceptualizations emerge from comparison (Glaser and Strauss 1967, 101-115; Glaser 1978, 62 ). An example is given as follows: at certain point of coding, we had a category 'Working outside comfort zone,' which refers to situations where students face tasks outside their expertise. In our data, students reflected this situation as being frustrating, and thus Frustration became one property characterizing this category. Through comparing on-coming data incidents with this conceptual scheme, we observed that some students' response to this same situation was more mature and favorable. Thus, Maturity became another property of the same category. Further comparing these two conceptualizations, we noted that Maturity was always preceded by Frustration instead of being a direct consequence of working outside comfort zone, and noted that transformation from Frustration to Maturity occurred in some cases. Continuing the comparison, team spirit emerged as a factor in whether this transformation occurred, and transformation became a category with team spirit as its property.
Results
This section presents the results of our analysis. We begin by describing the general view that students had of the course and multidisciplinarity, and then continue by focusing on the mechanisms that reveal how multidisciplinarity played a role in learning.
General experience of the course and multidisciplinarity
In the 66 learning diaries, we found a total of 112 comments on multidisciplinarity. These were either direct comments or descriptions of situations that we interpreted as relating to multidisciplinarity. More specifically, these 112 comments were found in 48 different learning diaries, which means that 73% of the students commented on multidisciplinarity in some way. The richness of information in what we refer to as a single comment varied greatly. One code about multidisciplinarity could originate from several paragraphs across the report or be an explicit expression about multidisciplinarity.
While some negative and neutral comments were found, overall the course feedback was mostly positive: Comments of this kind are in agreement with the literature on student project courses, where positive experiences are often found even if a lot of problems have been experienced during the course. This can be attributed to the fact that these projects are often students' first experiences of more practical coursework after their theoretical courses, boosting their positive experiences (Isomöttönen 2011) . Most of the students commented on the multidisciplinarity of the course in either a positive or neutral way:
[student:] Multidisciplinarity was clearly a benefit in this project since the project required a lot of different skills.
[student:] I think our group's strength was that our disciplines were so different and everybody brought their own expertise to the project.
[student:] I felt that multidisciplinarity was neither a benefit nor a handicap.
In fact, we found no directly negative comments, and most of those who saw multidisciplinary teams as a challenge commented that such a setting was rewarding: On the basis of these generally positive responses, we are inclined to conclude that, from the student perspective, this practical and multidisciplinary course is a worthwhile addition to the curricula of many faculties. Figure 1 summarizes the grounded theory that emerged on the effect of multidisciplinarity on learning experiences, as interpreted from the students' experiential reports. The main concepts that we were able to identify settled on the matrix with two orthogonal axes. The horizontal axis describes whether the learning experience was negative or positive, and the vertical axis whether it was caused by the multidisciplinary project topic or multidisciplinary team. Those student experiences that were identified as being caused by working with a project topic outside their expertise were grouped into the Multidisciplinary project topic, and experiences caused by working with people from different disciplines were grouped into the Multidisciplinary team.
Overview of the effects of multidisciplinarity on learning
We found the multidisciplinary project topic to be related to three main categories; 'Working outside comfort zone,' 'Gaining a perspective on core skills,' and 'Recognizing lack of expertise,' the last of which follows from the first mentioned (see Figure 1) . Further, we identified four different concepts that relate to the main categories as their consequences: 'Contentment,' 'Maturity,' 'Frustration,' and 'Uncertainty.' Both positive and negative experiences followed from 'Working outside comfort zone,' while the two other main categories were linked with purely positive or negative experiences.
The multidisciplinary team was found to be related to two main categories, 'Recognizing expertise' and 'Gaining a perspective on general skills.' Three concepts, 'Frustration,' 'Maturity,' and 'Increased occupational identity,' were found to be linked to these categories as consequences.
We thus found that multidisciplinarity plays a role in student learning experiences in several ways: the theory in Figure 1 captures several different conceptual mechanisms. Further, we also identified transformation in the consequences of multidisciplinarity from negative to positive, meaning that the learning experiences arising from particular factors are not always fixed and thus that there is no right way to learn or teach on this course. In this sense, we associate the generated grounded theory in Figure 1 with the 'contingency theory,' along the same lines as Gregory and Jones (2009) .
In the following sections, we review the mechanisms found in Figure 1 . We begin with the mechanisms that relate to the multidisciplinary team and continue with those that relate to the multidisciplinary project topic.
Multidisciplinary team and learning
Mechanism: Recognizing expertise ⇒ Increased occupational identity
'Recognizing expertise' refers to the situation where students start to understand their own discipline, i.e., what they have actually learned during their university studies and what possibilities they have to utilize these skills. This occurs when students are put to work in a multidisciplinary team and start to compare themselves to the others in the team. This causes positive feelings and self-confidence and increases students' occupational identity, as illustrated by the following quote: The effect of being a part of multidisciplinary team was particularly emphasized when students made favorable comparisons to their previous experiences of monodisciplinary teamwork:
[student:] Because the team was multidisciplinary I realized that I actually know quite a lot about human behavior and the factors affecting it. When talking to other students with the same major this was not so evident but when I was working in this team I noticed that lots of the things that are obvious to me are new to others.
In our opinion, this self-discovery of "Who I am" is the one of the most important learning experiences that emerged from data.
Mechanism: Gaining a perspective on general skills ⇒ Frustration ⇒ Maturity
'Gaining a perspective on general skills' occurs when students possess a set of general skills that they have used before in monodisciplinary teamwork or in some other setting. They have some understanding of these skills and how well they are able to use them. When put to work in a multidisciplinary team, they are faced with a new situation, and hence see their skills in a new way. They do not necessarily learn new skills but better understand their existing skills and how these skills can be utilized: While students find 'Gaining a perspective on general skills' for the most part a positive thing, it can also be a source of negativity, in particular frustration, during project work. For some students, this frustration transforms into maturity as the project advances and the students begin to understand other students' characteristics and ways of working: 
The multidisciplinary project topic and learning
Mechanism: Working outside comfort zone ⇒ Frustration ⇒ Maturity
Situations inevitably arise in this course where students are faced with real-world project topics that do not allow them to fully utilize their core skills. Because the students come from different disciplines, the project topics appear multidisciplinary, and hence may require them to operate outside their comfort zone to be able to contribute to the project. They then have to start learning requisite skills alone or with another team member; it is this situation that we refer to as 'Working outside comfort zone.'
Working outside comfort zone implies a learning mechanism that starts from feelings of frustration that gradually transform into maturity. This frustration can hinder teamwork, and, when it turns into maturity, may give rise on reflection to feelings of embarrassment: A quote from another student in a similar situation shows that this transformation can happen when the students see the project advance and they can contribute to it in a meaningful way. Team spirit can also serve as an enabling element in this transformation:
[student:] When the project progressed and the results started to seem more concrete my own motivation also started to grow. I believe this was because the project tasks progressed and that I noticed I can manage them even though I was very uncertain in the beginning. Another even bigger factor was our team spirit which grew stronger during the project.
Viewing this situation from another angle, students who possess the requisite skills and are working within their comfort zone might feel disappointment and frustration. For them, the other students are a burden, and they feel that they have to do all the work themselves:
[student:] I was slightly disappointed after the first few meetings when I realized that three of the team members did not possess the skills to contribute to it or were not interested in the business-related part.
As a side note, this team finalized their project successfully, and the customer was satisfied with the results. However, the team spirit in this particular team turned out to be poor, and negativity and accusations directed at other team members appeared in their learning reports. It seems that team spirit can play an important role in students' learning processes, especially in whether the students can transform negative experiences into positive ones during the project.
It is also worth noting that one team decided early on in the project that nobody needed to work on tasks they were not familiar with. While this may be an efficient way of working, it eliminates the possibilities for the above-mentioned learning experiences caused by 'Working outside comfort zone'.
Mechanism: Working outside comfort zone ⇒ Contentment
Furthermore, students who worked outside their comfort zone reported learning new skills. The students in this situation were able to practice new skills and learn the terminology and basic concepts used in other disciplines. This leads to positive learning experiences, which we refer to as 'Contentment':
In particular, Contentment emerges when students have a positive general attitude towards practicing and learning new skills. In other words, practicing new skills is seen as an opportunity rather than a challenge: 
Mechanism: Working outside comfort zone ⇒ Recognizing lack of expertise ⇒ Uncertainty
Working outside one's comfort zone can cause students to compare their skills with the project's requirements in a negative way. They start to question their own competence and role in the project and notice that they do not possess the skills required. We refer to this as 'Recognizing lack of expertise': We can contrast this learning experience with 'Recognizing expertise' through working in a multidisciplinary team. We did not find any comments to the effect that working in a multidisciplinary team or with unknown people caused uncertainty of this kind.
Mechanism: Gaining a perspective on core skills ⇒ Contentment
Due to the presence of a real customer and a multidisciplinary project topic, some students were able to draw on and combine several of their core skills. We refer to this as 'Gaining a perspective on core skills.' Here, 'Contentment' is also a consequence of learning. Thus, the learning mechanisms in this case resemble that mentioned above, where 'Contentment' emerged from working outside one's comfort zone.
Conclusions and discussion
In this article, we analyzed the learning experiences of students enrolled in a multidisciplinary project course. The students' attitude towards the multidisciplinarity of the course, present in the multidisciplinary nature of the project topics and working with students from other disciplines, seems to be positive overall.
The main contribution of this study is a unified theoretical picture that captures the mechanisms that explain the student experiences of a multidisciplinary course setting; see Figure 1 . We consider two mechanisms the most important ones. First, working in a multidisciplinary team enables students to recognize the peculiarities of their own discipline, and thus their own expertise, which increases their sense of occupational identity. Second, engagement in a multidisciplinary project topic directs students to work outside their comfort zone. Reactions to this situation differ among students. For some of them it is an experience that results in contentment. For others it can cause frustration, which again can transform into maturity as students come to realize that they can make progress. A supportive team spirit can contribute to this transformation.
Students' positive attitude towards multidisciplinary project courses has been reported by several authors (Burnell, Priest, and Durrett 2003; Ivins 1997; Jaccheri and Sindre 2007) . Ivins (1997) noticed that working in multidisciplinary teams enabled students to break somewhat negative prejudice that they potentially have against other disciplines' students, which is complemented by our findings on the occupational identity. While researching computer science projects, Isomöttönen (2011) noticed that one and the same element in a realistic project course can engender both a positive and negative experience, and attributed this to the fact that several issues in project-based learning are of sensitive nature-this is likely to relate to our concerns about how the transformation from frustration to maturity can occur. Our findings also support the notion of Gregory and Jones (2009) "that there is no one best way of teaching" in a sense that both team composition and project topic have different and non-fixed effects on learning experiences.
We have not come across grounded theory studies on multidisciplinary student projects; one grounded grounded theory analysis has been applied to multidisciplinary research teams in academia (Younglove-Webb et al. 1999) . In this connection, the emergent theoretical framework in Figure 1 can be utilized in planning a multidisciplinary project course, evaluating such a course, or informing research surveys about student learning in a multidisciplinary context. For instance, a teacher of a multidisciplinary project course can be interested in promoting a certain learning experience, such as Recognizing expertise, and focus the course planning accordingly, in this case by emphasizing the multidisciplinarity of student teams. In general, the value is that using this substantive theory teachers can "work with familiar occasions purposefully" (Glaser 1978, 14) .
The grounded theory method allows the constant development of theory. Thus we can continue our research and take into account such factors as hours spent on the project, students' major and other background information, project topic, and the team spirit. This can be done by analyzing further the data we have already obtained. This includes students' learning reports, projects' final reports, and the working hours students have reported. Utilizing this data would allow us to deepen the theoretical framework in Figure  1 . For example, the hours spent by each student could provide interesting insights into learning experiences. We have also planned doing a full content analysis on the students' learning reports to develop a complete picture of the course and aspects other than multidisciplinarity.
Using projects in computer science education has a long history (Tomayko 1998) , with a range of recognized project-based course models (Fincher, Petre, and Clark 2001; Clear et al. 2001 ). In our view, multidisciplinary project work can revitalize computer science projects with one prominent benefit being the emerging possibility of identifying the peculiarities of one's own discipline. From a more practical viewpoint, it would be necessary to investigate more profoundly how the transformation from frustration to maturity, as discussed above, occurs, and how this process could be enhanced-in order to emphasize positive learning experiences. 
